Background {#Sec1}
==========

According to the World Health Organization (WHO), tuberculosis (TB) remains the most common infectious disease in the world \[[@CR1]\]. In 2017, an estimated 10.0 million people had active TB, and 1.3 million TB related deaths were recorded worldwide \[[@CR2]\]. In many countries, TB has declined from high incidence (\> 100/100000 person-years) to intermediate (30--100/100000) or low incidence (\< 30/100000) \[[@CR3], [@CR4]\] under the Global Plan To Stop TB 2006--2015 \[[@CR5]\]. In the post-2015 era, WHO suggest the END TB strategy and many frameworks towards TB elimination \[[@CR6]\], including to optimize current treatment and to screen high-risk groups for latent TB infection (LTBI) treatment \[[@CR7]\]. The WHO suggests a focus on high-risk groups in high or upper-middle income countries when the TB incidence becomes less than 100 per 100,000 person-years \[[@CR8]\].

Of the high-risk groups, patients with end-stage renal disease need long-term dialysis is highly recommended for LTBI screening \[[@CR7]\], but the risk of TB in patients with decreased kidney function, such as chronic kidney disease (CKD) not requiring dialysis, is still unclear. In particular, the burden of CKD is increasing worldwide, so its correlation with infection of TB is increasing in importance \[[@CR9]\]. Actually, immune deficiency due to decline in kidney function is a risk factor for infection \[[@CR10]\] and has reportedly been correlated with infection associated mortality \[[@CR11], [@CR12]\]. Due to changes in the immune system due to deterioration of kidney function, active TB is an infectious complication that may develop or reactivate from LTBI.

In fact, few studies have examined TB risk in patients with kidney function impairment \[[@CR13]\]. Only a previous cohort study reports that an adjusted hazard ratio of pulmonary TB was 1.45-fold higher in the CKD group than the non-CKD group \[[@CR14]\]. But there is no study shows the TB risk according to the different stages of kidney function impairment \[[@CR13]\], therefore, we cannot pick out which sub-population with kidney function impairment for implementation of LTBI strategy. Hence, we conducted this retrospective cohort study to analyze the correlation between kidney function and the incidence of TB in Taiwan, an intermediate TB country with incidence of 38.9 per 100,000 person-years in 2018 \[[@CR15]\], using a large hospital-based cohort.

Methods {#Sec2}
=======

Participant enrollment {#Sec3}
----------------------

This retrospective study was conducted in a tertiary-care referral center in northern Taiwan under the approval of the Institutional Review Board of Research Ethics Committee of National Taiwan University Hospital (NO. 201510009RINB). From January 2008 to December 2013, patients aged ≥20 years were identified. We included patients with data of serum creatinine and excluded those having follow-up periods at the study hospital of less than 6 months and 3 months, respectively, before and after the index data of initial kidney function. In addition, we excluded those who had active tuberculosis before recruitment and within 3 months right after the index data of the kidney function.

Definitions of kidney function, active tuberculosis and co-morbidity {#Sec4}
--------------------------------------------------------------------

We retrieved the participants' clinical information such as age, gender, body mass index, and underlying disease from the hospital's electronic record database within a total 12 months (6 months before and after the index date). We used an abbreviated Modification of Diet in Renal Disease (MDRD) equation to estimate the glomerular filtration rate (eGFR) \[[@CR16]\] and classified the patient's initial kidney function according to the guidelines of the National Kidney Foundation \[[@CR17]\]. The eGFR of ≥90, \< 90\~ ≥ 60, \< 60\~ ≥ 45, \< 45\~ ≥ 30, \< 30\~ ≥ 15, and \< 15 ml/min/1.73m^2^ stood for no CKD or stage 1, stage 2, stage 3a, stage 3b, stage 4, and stage 5, respectively. We defined active TB by positive culture result for *Mycobacterium tuberculosis*. For the diagnosis without microbiological evidence, we could define active TB by the unique diagnosis code in electronic chart record, because active TB is a certifiable infectious disease that needs to report to the Taiwan Centers for Disease Control. We used one time of admission diagnosis, or at least two outpatient clinic diagnoses plus prescription of anti-tuberculous agents for TB diagnosis. Co-morbidity of long-term dialysis, transplantation, pneumoconiosis, idiopathic pulmonary fibrosis, cirrhosis of the liver, cancer, lupus erythematous, rheumatoid arthritis, polymyositis, and dermatomyositis were defined by a record of a catastrophic illness card. Other underlying diseases were categorized by one admission diagnosis or more than 2 outpatient clinic diagnoses.

Outcome and statistical analysis {#Sec5}
--------------------------------

We followed up all enrolled participants till December 2016 and defined occurrence of active TB as the primary outcome. The incidence of TB was calculated as the average number per 100,000 person-years. Inter-group differences were compared using *t* test or one-way ANOVA for continuous variables, where appropriate, and *chi* squared test for categorical variables. We used Cox proportional hazard regression for time to TB event analysis. Once the patients with CKD at the initial received long-term dialysis or kidney transplantation in the follow-up or were lost to follow-up, they were censored in the time dependent analysis. We combined no CKD or stage 1 and stage 2 as a reference group (≥ 60 min/ml per 1.73m^2^) in Cox regression analysis because their TB incidence were similar \[[@CR18]\]. We calculated the correlations between the kidney function of eGFR and the univariate hazard ratio for TB by Spline Cox proportional regression. We investigated the risk factors for active TB using multivariate Cox proportional hazard regression analysis with possible associated variables from univariate analysis. Only variables with a two-sided *p* \< 0.05 were retained in the final model. All analyses were performed in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results {#Sec6}
=======

Demographics of patients with different stages of kidney function impairment {#Sec7}
----------------------------------------------------------------------------

During the study period, a total of 485,190 patients in the study hospital were eligible, and 289,579 were enrolled for analysis after excluding 124,274 for short follow-up (\< 90 days), 69,912 for short previous data (\< 6 months) and 1425 for having TB within 90 days (Fig. [1](#Fig1){ref-type="fig"}). Among them, 1012 patients had development of active TB events during the overall follow up of 1,196,206 person-years, that was averagely 4.13 years/person. Among those with different stages of kidney function impairment (Table [1](#Tab1){ref-type="table"}), old age and male predominance were generally found for those with advanced CKD stages. The mean age of all participants was 5.18 years old (SD: 17.3). The mean age was 43.8 (15.2) in no CKD or stage 1, 55.5 (15.7) in stage 2, 69.5 (12.4) in stage 3a, 71.6 (12.8) in stage 3b, 70.1 (14.2) in stage 4, 62.7 (15.7) in stage 5, 56.9 (14.4) in dialysis, and 54.8 (11.7) in transplant group (*p* \< 0.0001, Table [1](#Tab1){ref-type="table"}). Male gender was around 45.3% in all participants and distributed as 39.7, 49.4, 51.9, 50.3, 50.4, and 52.2% from no CKD or stage 1, stage 2, 3a, 3b, 4 and 5, respectively. Many underlying comorbidities significantly increased in advanced CKD stage included CHF, stroke, DM and SLE. By contrast, obesity was less frequently in in patients with worse kidney function than those with no CKD or stage 1 and 2. Fig. 1Flow chart of study. TB, tuberculosis Table 1Demographics of study population according to kidney functionVariablesCKDLong term dialysis (*n* = 1579)Kidney transplant (*n* = 38)*P*-valuenil or stage 1 (*n* = 129,421)2 (*n* = 128,248)3a (*n* = 17,228)3b (*n* = 7116)4 (*n* = 3449)5 (*n* = 2500)Age (years)43.8 ± 15.255.5 ± 15.769.5 ± 12.471.6 ± 12.870.1 ± 14.262.7 ± 15.156.9 ± 14.454.8 ± 11.7\< 0.0001Age group\< 0.0001 ≤ 4057,461 (44.4)23,076 (18.0)409 (2.4)151 (2.1)141 (4.1)226 (9.0)204 (12.9)5 (13.2) 40--5538,907 (30.1)35,828 (27.9)1744 (10.1)613 (8.6)380 (11.0)514 (20.6)499 (31.6)12 (31.6) 55--6521,780 (16.8)31,925 (24.9)3430 (19.9)1175 (16.5)537 (15.6)586 (23.4)404 (25.6)14 (36.8) \> 6511,273 (8.7)37,419 (29.2)11,645 (67.6)5177 (72.8)2391 (69.3)1174 (47.0)472 (29.9)7 (18.4)Male gender51,354 (39.7)63,394 (49.4)8942 (51.9)3582 (50.3)1738 (50.4)1304 (52.2)804 (50.9)27 (71.1)\< 0.0001Serum Creatinine0.7 ± 0.10.9 ± 0.21.2 ± 0.21.7 ± 0.32.6 ± 0.66.8 ± 3.07.2 ± 3.22.6 ± 2.2\<0.0001eGFR108.2 ± 18.277.6 ± 8.053.8 ± 4.238.5 ± 4.323.3 ± 4.39.0 ± 3.311.4 ± 12.947.9 ± 31.9\< 0.0001COPD767 (0.6)1512 (1.2)491 (2.9)231 (3.3)92 (2.7)44 (1.8)10 (0.6)1 (2.6)\< 0.0001Asthma1320 (1.0)1566 (1.2)285 (1.7)117 (1.6)35 (1.0)20 (0.8)11 (0.7)0 (0.0)\< 0.0001Bronchiectasis389 (0.3)415 (0.3)53 (0.3)24 (0.3)12 (0.4)5 (0.2)0 (0.0)0 (0.0)0.3808Pneumoconiosis34 (0.0)48 (0.0)13 (0.1)6 (0.1)1 (0.0)0 (0.0)3 (0.2)0 (0.0)NAIPF182 (0.1)178 (0.1)32 (0.2)10 (0.1)9 (0.3)6 (0.2)1 (0.1)0 (0.0)NAGERD4119 (3.2)5036 (3.9)630 (3.7)228 (3.2)101 (2.9)79 (3.2)47 (3.0)0 (0.0)\< 0.0001Obesity891 (0.7)685 (0.5)40 (0.2)13 (0.2)14 (0.4)7 (0.3)1 (0.1)0 (0.0)\< 0.0001Cancer14,895 (11.5)16,417 (12.8)2964 (17.2)1382 (19.4)645 (18.7)270 (10.8)197 (12.5)5 (13.2)\< 0.0001Cirrhosis1314 (1.0)1509 (1.2)400 (2.3)236 (3.3)132 (3.8)46 (1.8)37 (2.3)1 (2.6)\< 0.0001CHF662 (0.5)1543 (1.2)709 (4.1)501 (7.0)348 (10.1)231 (9.2)96 (6.1)1 (2.6)\< 0.0001Stroke763 (0.6)1381 (1.1)429 (2.5)221 (3.1)122 (3.5)55 (2.2)16 (1.0)1 (2.6)\< 0.0001Diabetes mellitus8179 (6.3)12,865 (10.0)3771 (21.9)2217 (31.2)1274 (36.9)961 (38.4)301 (19.1)8 (21.1)\< 0.0001SLE738 (0.6)409 (0.3)58 (0.3)29 (0.4)27 (0.8)31 (1.2)23 (1.5)0 (0.0)\< 0.0001RA802 (0.6)674 (0.5)94 (0.6)41 (0.6)22 (0.6)15 (0.6)8 (0.5)0 (0.0)0.1435Polymyositis70 (0.1)28 (0.0)3 (0.0)2 (0.0)2 (0.1)1 (0.0)0 (0.0)0 (0.0)NADermatomyositis73 (0.1)47 (0.0)1 (0.0)1 (0.0)2 (0.1)0 (0.0)0 (0.0)0 (0.0)NATransplant, others130 (0.1)204 (0.2)86 (0.5)41 (0.6)17 (0.5)6 (0.2)6 (0.4)2 (5.3)\< 0.0001Abbreviation: *BMI* Body mass index, *CHF* Congestive heart failure, *CKD* Chronic kidney disease, *COPD* Chronic obstructive pulmonary disease, *eGFR* Estimated glomerular filtration rate, *GERD* Gastroesophageal reflux disease, *IPF* Idiopathic pulmonary fibrosis, *RA* Rheumatoid arthritis, *SLE* Systemic lupus erythematosusThe number means mean ± standard deviation and number (%)Chi-square tests for categorical variables; ANOVA for continuous variables

In comparison with patients without TB (Additional file [1](#MOESM1){ref-type="media"}: Table S1), those who developed TB during follow-up were older and predominantly male. In addition, they had lower eGFR and more advanced renal disease, dialysis, and kidney transplant. The proportion of patients with active TB development was lower in no CKD or stage 1 and 2, but it became higher in advanced CKD stage 3 to 5 in comparing with those without TB (*p* \< 0.0001). The underlying diseases of pulmonary disease, gastroesophageal reflux disease, cancer, heart failure, cirrhosis, diabetes mellitus and autoimmune disease were higher in patients with TB development. By contrast, obesity was higher in patients without TB development.

TB incidence for different kidney functions {#Sec8}
-------------------------------------------

According to kidney function, the incidence rate of TB was similar in no CKD or stage 1 and stage 2 (70.06 and 71.08 per 100,000 person-years, respectively), and increased apparently from stage 3a (167.68 per 100,000 person-years, Hazard ratio \[HR\]: 2.404 \[1.956--2.956\], *p* \< 0.0001) to stage 3b, stage 4 and stage 5 (incidence: 229.25, 304.95 and 349.29 per 100,000 person-years, and HR: 3.273 \[2.509--4.270\], 4.317 \[3.078--6.054\], and 4.852 \[3.154--7.646\], respectively) (Table [2](#Tab2){ref-type="table"}). Those with long-term dialysis or kidney transplant before case enrollment had TB incidences of 175.60 and 1429.33 per 100,000 person-years, respectively and HR of 2.493 \[1.330--4.673\] and 20.575 \[5.147--82.239\], respectively. Table 2Incidence rates of tuberculosis (TB) (*N* = 289,579, TB events = 1012)VariableTB eventsNFollow up (years/person)Follow up (person-years)Incidence rate (per 100,000 person-years)Hazard Ratio(95%CI)*P*-valueKidney function CKD nil or stage 13621294213.99516,705.1670.06Reference CKD stage 23951282484.33555,749.9671.081.024(0.888,1.182)0.7408 CKD stage 3a120172284.1571,566.72167.682.404(1.956,2.956)\< 0.0001 CKD stage 3b6471163.9227,917.47229.253.273(2.509,4.270)\< 0.0001 CKD stage 43734493.5212,133.22304.954.317(3.078,6.054)\< 0.0001 CKD stage 52225002.526298.52349.294.852(3.154,7.464)\< 0.0001 Long-term dialysis1015793.615694.64175.602.493(1.330,4.673)0.0044 Kidney transplant2383.68139.931429.3320.575(5.147,82.239)\< 0.0001Abbreviation: *CKD* Chronic kidney disease

For confirming that the case exclusion criteria of follow-up period ≤90 days did not influence the results of TB incidence, we used different follow-up period as exclusion criteria, including ≤30 days or ≤ 180 days and analyzed the TB incidence by different kidney function status. We found that the trends of TB incidence in the different CKD subgroups were similar (Additional file [1](#MOESM1){ref-type="media"}: Table S2 and S3).

Risk factors and the hazard ratio for TB development {#Sec9}
----------------------------------------------------

In a Cox proportional hazard regression model (Table [3](#Tab3){ref-type="table"}), we analyzed the hazard ratio (HR) of TB development for kidney function and other clinically relevant factors. In univariate analysis, patients had similar TB risk in no CKD or stages 1 vs stage 2 (HR: 1.024 \[95% C.I.: 0.888--1.182\], *p* = 0.7408, compared with no CKD or stage 1), so we used them as the reference group for those with deteriorated kidney function in Cox regression analysis. In univariate analysis, the dose response of TB risk among different kidney functions increased significantly from CKD stage 3a to stage 5. When we evaluated the univariate HR of TB risk at every eGFR below 90 ml/min/1.73m^2^ using spline Cox regression, the correlation actually increased slowly in stage 2 and obviously from stage 3a. A plateau was noticed around the beginning of stage 3b and a mild decline at late stage 5. However, the outcome number was small in stage 5, and the 95% confidence interval became large (Fig. [2](#Fig2){ref-type="fig"}). Table 3Univariate and multivariate Cox proportional hazard regression analysis for development of tuberculosisVariablesHR95% CI*P*-valueAdjusted HR95% CI*P*-valueAge, years (ref: ≤ 40) 40--551.5811.2272.0370.00041.3921.0791.797**0.0109** 55--652.5211.9753.218\< 0.00012.0401.5922.614**\< 0.0001** \> 656.2405.0187.758\< 0.00014.4393.5305.583**\< 0.0001**Male (ref: female)2.4602.1592.802\< 0.00012.2581.9772.578**\< 0.0001**Kidney function CKD stage1 & 21------1------ CKD stage 3a2.3741.9582.879\< 0.00011.2150.9951.4840.0563 CKD stage 3b3.2322.5054.172\< 0.00011.5381.1822.002**0.0014** CKD stage 44.2633.0655.930\< 0.00012.0651.4732.894**\< 0.0001** CKD stage 54.7923.1357.325\< 0.00012.8771.8724.421**\< 0.0001** Long-term dialysis2.4621.3194.5950.00462.0411.0923.815**0.0254** Kidney transplant20.3115.09081.050\< 0.000115.2693.80661.252**0.0001**COPD4.2713.1475.797\< 0.00011.5811.1492.174**0.0049**Asthma1.5741.0002.4790.0501Bronchiectasis4.6172.7267.822\< 0.00012.9591.7175.098**\< 0.0001**Pneumoconiosis31.00416.08359.768\< 0.000110.1495.19119.845**\< 0.0001**IPF3.2211.2078.5980.01951.4230.5223.8820.4903GERD1.2870.9631.7200.0876Obesity0.1680.0241.1930.0745Cancer2.4092.0902.776\< 0.00012.0061.7352.319**\< 0.0001**Cirrhosis2.1601.4413.2370.00021.2750.8471.9200.2440Congestive heart failure3.1242.2684.302\< 0.00011.7491.2622.426**0.0008**Stroke1.3370.7892.2650.2806Diabetes mellitus1.9291.6472.259\< 0.00011.2211.0371.438**0.0166**SLE3.3112.0225.423\< 0.00016.3233.80810.500**\< 0.0001**RA2.0871.2083.6060.00842.3051.3184.034**0.0034**Dermatomyositis2.2130.31215.6810.4267Transplant, others^a^2.1070.7905.6220.1364Abbreviation: *BMI* Body mass index, *CKD* Chronic kidney disease, *COPD* Chronic obstructive pulmonary disease, *eGFR* Estimated glomerular filtration rate, *GERD* Gastroesophageal reflux disease, *IPF* Idiopathic pulmonary fibrosis, *RA* Rheumatoid arthritis, *SLE* Systemic lupus erythematosus^a^Other than kidney transplantThe p value data in multivariate analysis are bold if \< 0.05 Fig. 2Unadjusted hazard ratio (HR) for tuberculosis development according the estimated glomerular filtration rate (eGFR, ml/min per 1.73 m^2^). Spline Cox proportional hazard regression is used for this analysis. The central curve is unadjusted HR and the upper and lower curves are the 95% C.I.

In multivariate Cox regression (Table [3](#Tab3){ref-type="table"}), we adjusted all factors found to be significant in the univariate analysis, and the final model showed that old age (HR: 4.439 \[3.539--5.583\] for age \> 65 years old; HR: 2.040 \[1.592--2.614\] for age 55--65 years old; HR: 1.392 \[1.079--2.797\] for age 40--55 years old, compared with age \< 40 years old), male (HR: 2.558 \[1.977--2.578\], and poor kidney function since CKD stage 3b were correlated with higher TB risk. In patients with deteriorated kidney function, the risk of TB development increased significantly from CKD stage 3b to stage 5, similarly to the results of univariate analysis but with the risk adjusted downward. The HR of CKD stage 3a was 1.215 (95% C.I.: 0.995--1.484, *p* = 0.0563), HR: 1.538 in stage 3b (\[1.182--2.002\], *p* = 0.0014), 2.065 in stage 4 (\[1.473--2.894\]), and 2.877 in stage 5 (\[1.872--4.421\]) in comparison with stages 1 and 2. The risk in patients with long-term dialysis was HR of 2.041 (1.092--3.815, *p* = 0.0254), which is similar to that of stage 4 CKD. The HR was 15.269 in those with kidney transplant, and it was much higher than those of other subgroups. The proportion of ever corticosteroid use (*n* = 24 \[63.2%\] vs *n* = 87,922 \[30.4%\], *p* \< 0.001) and immune-suppressants use (*n* = 21 \[55.3%\] vs *n* = 2239 \[0.8%\], *p* \< 0.001) during the follow up were higher in patients receiving kidney transplant than other patients. In addition, the underlying diseases of COPD, bronchiectasis, pneumoconiosis, cancer, congestive heart failure, diabetes mellitus, SLE and RA were independent conditions for favoring TB development. Among them, pneumoconiosis (HR: 10.149), SLE (HR: 6.323), bronchiectasis (HR: 2.959), RA (HR: 2.305), and cancer (HR: 2.006) were the most important (HR \>2.0) clinical diseases predisposing TB development.

Discussion {#Sec10}
==========

In the present study, patients with decline in kidney function of CKD stage 3 and worse had increasing incidences and HR for TB development. The incidence and HR of TB in CKD stage 5 seemed around two-fold and 1.4-fold, respectively, relative to those with long-term dialysis although the 95% C.I.s were overlapped. Decline in kidney function is assumed to influence immune function \[[@CR10]\] and is associated with oxidative stress and inflammation due to the decrease of renal clearance of toxins \[[@CR13]\]. In addition, Vitamin D insufficiency is not uncommon among patients with CKD or dialysis and might lead to immune dysfunction \[[@CR19]\]. Many immune cells such as T cells and B cells, as well as natural killer cells, will be attenuated when renal function has deteriorated \[[@CR20]--[@CR22]\]. Previously, many studies focus on the TB risk in dialysis population \[[@CR23], [@CR24]\], but few studies report increasing TB incidence in patients with CKD \[[@CR14], [@CR25]\]. Cheng et al. reported the adjusted HR of pulmonary TB was 1.45-fold higher in the CKD group than in the non-CKD group. The effect of TB susceptibility due to differences in kidney function has scarcely been reported before \[[@CR13]\]. Cho et al. analyzed a community-based cohort and showed that stage 1--4 CKD had a 25% increase in TB hazard than those without CKD \[[@CR25]\]. The present study was conducted based on a large hospital cohort and report the association between TB risk and different stages of impaired kidney function.

The incidence and HR of developing active TB rise significantly from CKD stage 3 to stage 5. This finding is compatible with a previous assumption \[[@CR13]\] that the decline of immunity begins and wastes accumulate significantly in stage 3 CKD. The risk of TB worsens in advanced stages of CKD and is highest at CKD stage 5 (incidence of 349.29 per 100,000 person-years), where it is around 7.0-fold that of the 55--65 year-old general population \[[@CR26]\]. But the rate of increase in the adjusted HR begins to slow from stage 4 to stage 5. However, the unadjusted HR within stage 5 slightly declines as eGFR decreases (Fig. [2](#Fig2){ref-type="fig"}).

For patients receiving long-term dialysis, the TB incidence is similar to that of patients with CKD stage 3, and the adjusted HR resembles that of patients with stage 4 CKD (175.6 per 100,000 person-years; adjusted HR: 2.041). The possible explanation is that the dialysis remove partial uremic toxin and might decrease the uremia related immune suppression \[[@CR27]\]. Therefore, the TB risk of advanced CKD might be much higher than that of our previous consideration. Because the WHO suggests active LTBI screening in patients with dialysis, those with stage 3 CKD or higher should also be targeted for TB prevention \[[@CR6], [@CR8]\]. Such screening needs to be incorporated into a CKD care bundle to counter their higher infection risk. On the other hand, patients with kidney transplants still have very high risk of TB development. The incidence of 1429.33 per 100,000 person-years is around 48-fold that of the same-aged general population \[[@CR26]\]. This result is much higher than those in a previous report \[[@CR28]\] and might have been influenced by the small case number in this cohort. It might also be due to the higher proportion of corticosteroid and immune-suppressants use that may be correlated with increasing TB incidence \[[@CR29]\]. However, the influences by corticosteroid and immunosuppressants need to be analyzed in further study specially designed for drug dose, duration and equivalent effect.

In addition to the stage of kidney impairment, TB development was also significantly associated with old age, male gender, and underlying co-morbidities such as underlying airway and immunocompromised diseases in the multivariate Cox regression analysis. They are all well known risk factors for TB \[[@CR30]--[@CR33]\] and might play a role in developing TB. In the future, we might integrate the risk factors to validate this model and form a prediction score model.

There are several limitations in this study. First, this was a hospital-based study design. Although we only enrolled patients who were regularly followed up at the study hospital, there was a risk of outcome underestimation bias. In addition, the retrospective design might have missed some data in the record review, such as TB contact history and BCG vaccination. Third, because the study hospital is a tertiary referral center, selection bias existed and TB incidence as well as underlying co-morbidities might have been higher than those in the general population.

Conclusions {#Sec11}
===========

Patients with impaired kidney function, eGFR ≤60 ml/min/1.73m^2^, had increasing risk for TB development. The risk reached 2.877-fold and 2.041-fold HR of TB risk in patients with stage 5 CKD and in those with long-term dialysis, respectively, in comparison with those with CKD ≤ stages 2. The results indicate that patients with advanced CKD are susceptible to TB and have a higher risk than patients receiving dialysis. In the development of LTBI prevention strategies for patients with long-term dialysis, those with advanced CKD should also be considered.
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**Additional file 1 Table S1.** Demographics of study population according to development of tuberculosis (TB). **Table S2.** Incidence rates of tuberculosis (TB) if we excluded patients lost to follow up \< 30 days. **Table S3.** Incidence rates of tuberculosis (TB) if we excluded patients lost to follow up \< 180 days.
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